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' FLIGHT MEASUREMENTS OF AERODYNAMIC LOADS ON THE HORTZONTAL
TAIL SURFACE OF A FIGHTER-TYPE ATRPLANE

By John B. Garvin

SUMMARY . .
A comprehensive mestiga.tion was conducted to d.etermine the loads -
applied to the horizontal tall surface of a fighter-type airplane in
mansuvering flight. Differsntial-pressure -distribut:,on rethods were .
employed to obtein the values of load. Loads were measured. at equivaelent
eirspeeds ranging from 125 to 380 miles per hour and at eccelerations
up to 6g. Engine power and sideslip conditions were alqo varied
during the tests. The date were analyzed along theéoretical linss
to determinse the pa.rameters affecting ‘the tail logd. and to indicate .
the contribution of speed, normal a.cceleration and anguler, acceleration
to the totel-tail load end the contribution of power cond.it:l,on and )
gideslip to the loed dissymmetry. The test data have been prepared
in both tebular and grephical form and seversl typlcal time histories
of chordwlse and spanwise lced distribution are included.

.o

The flight-test results verify the fact that the accurate dsetermi-
nation of the tail-load parameters will permlt the calculation of the
horizontal-tail loed for various conditions of speed and normal end
angular acceleration. These parameters are the pitching-moment coeffl -
cient, the location of the’ asrodynemic center of the airplane without
the horizontal tall, and the pitching angular accelsration.

In & sideslip the upwind tall swrface experienced an up-load .
incremsnt relative tp the downwind tail surface. As would, be expscted
from a consideration of the reasons for load un'bala.nce bétween the two
sides of the horizontal tail, the lced dissymmetry was applied meinly
tc the stabilizer surface wi'l.h only a small pert carr_xing over to the
elevators.

The conditions of critical design loads are shown to occur st high
values of pitching engular acceleration in combination with high positive
lcad fectors and mediuvm speed for the up direction or high hegative '
lced factors and meximum speed for the down direction. The tail-load

increment caused by pitching enguler acceleration is confined principally
to the elevator surfeces.
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INTRODUCTION

A flight investligation was made of the asrodynemic loads exerted
on the horizontal tail swrfaces of & fighter-type airplane in order to
determine the memsuvering design tall-load criterions. The measurements

consldered most importent were those which gave the magnitude and
distribution of the serodynamlic load over the horizontael stabilizer and
elevators as well as a tims history of the motion of the airplane
resulting from a given elevator deflection. Accordingly, measurements
wore made of the horizontal-tail loed and of the motions of the alrplane
in abrupt pitching maneuvers in which the following quantities were
varied: initial alrspeed, airplane loed factor, power condition, rate
of control-surface motlon, amount of control-surface motion, and angle
of sideslip. This paper presents the resulis obtained in these tests
end glves an analysis of the data such as to indicate the horizontal-
tall loads assoclated with pitching mansuvers of the test airplams.
Since the number of varlebles that occur in the tail-load problem is
large, the isolation of any one variable 1s difficult; therefore, -
the data are given in several forms such as tables, graphs, and typical
time histories of maneuvers. The data have been analyzed theoretically
to indicate the contribution of speed, normal acceleration, and angular
acceleration to the total tall load and the contribution of power and
sidesllip to the tall-load dissymmstry.

SYMBOLS

W 2irplans weight, pounds

g acceleration of gravity, feet per second per second

S area, squa.re feot

X distance from serodynamic center of eirplame without horizontal
tail to aerodynemic center of horizontal tail, negative
quantity, feet

D propeller diemster, feet

I pitching moment of Iinertia slug-feet2

Y ’

Ve equivalent airspeed, miles per hour Vollé

A true alrspeed, miles per hour

d distance from center of gravity of airplame to asrodynamic center
of ailrplans wilthout horizontal tail, negative quentity, feet
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o] mass density of alr, slugs per cubic foot

density ratio of air

aQ

q dynamic pressure,'p‘ound.s per squere foot

L load (up load, positive), pounds

G, airplane 1lift coefficient, assumed equal to the normal force
coefficient (nc_ S‘W/Q'S‘D .

N engine speed, revolutions per minute

P brake horsepower

c moan asrodynamic chord

Q. ‘torque coefficient (§3,ooop/énmbv2D§)

M Mach number

P differential pressure, pounds per squere foot

e} control deflection (positive, trailing edge down), degrees

2] angle of pltch, degrees

B engle of sldeslip, degrees

4 engle of flow near horizontal ta:il, degrees

n normal load factor
F stick force, pounds
Cm pitching-moment coefficient of airplane less tail
(Pitching moment/qSc)
Irl:R\

t _/

CANt tall-load~-dissymmetry coefficient ( 5

Subscripts:
c.g. center of gravity
R right N

L left
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e elevator
+ tail
w wing

APPARATUS

Airplane.- The pertinent cheracteristics and a three-view drawing
of the fighter-type airplane tested are given in figure 1. When the
eirplane was prepared for flight tests, slight changes were mede in its
construction end arrangement to facilitate the installation of adequate
instruments and to provide the necessery strength and balence to psrmit
saefe operation. The horizontal tail.swface was of the same contour
and plan form as the standard tail swrface of the production airplane
but was equipped with 260 flush-mounted static orifices distributed over
the upper and lower surfaces of both the stebilizer and elevator in
the locations shown in Pigure 2. These orifices were attached to
individual pressure tubes which were grouped into bundles inside the
tail surfaces and were run inboard to a point near the fuselage where
a cut-out was placed to permit exit of the tube bundles under an
enlarged fairing at the staebilizer-fuselage Junction.

Tnstruments.~ Differential pressures were measured over the tail
surface with two 60-cell multiple photographically recording mancmeters
which were installed in the .approximaete location of the fuselage fuel
tank. In addition to the manometers, the airplane was equipped with
the following stemndsxrd recording instruments:

One NACA airspeed recorder conmected to a freely swiveling static
heed mounted on a boom at approximately one chord length ahead of the
right wing tip and conmected to & shielded total heed mounted on the
'boom.o Both of these heeds were little affected by angles of yaw up
to 20”.

Two NACA three-camponent accelercmeters, one mounted T4.8 inches
and the other 175.8 inches reerwerd of the leading edge of the mean
serodynamic chord.

One NACA pitching-engular-velocity recoxrdexr.

Two NACA electrical control-position recorders mounted to record
the position cf the elevator and the rudder mser the Juncture of
these two surfaces.
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Ones NACA control-force recorder mounted. to measu.re the elevator
stick forces.

One NACA a.ngle -of ~flow recorder located near the horizontal tail
surface mounted to measure vertical flow angles. The head was 15 inches
forward of and 16. 5 inches below the lea.d.ing edge of orifice row Cp
(fig. 2).

One NACA sideslip-angle recorder mounted. forward. of the left wing
tip. This instrument was mounted. for only e few tests of this .
inve stigation."

One NACA synchronizing timer to give time pulse intervals of
0.1 second.

" FLIGHT TESTS

The effects of such varlables as alrspeed, acceleration, power,
center-of ~gravity position, angle 'of sidéslip, and the amount and rate
of elevator motion on the tail load were ‘determined by measuring the
tall load in both steady and mensuvering flight.

Steady-flight tests.- In these tests, wlich were also used for
airspeed calibrations, a numbér of short’ runs were made “both in steady
straight flight at 1gand. in steady turns The Eca.nae ocﬁ' conditions
covered was &as follows

Equivalent airspeed. 125 to 300 miles per hour

Pover condition, power off to sufficient power for steedy
level flight : -

Center-of -gravity position, 28 percent to 33.5 percent mean
aerodynamic chord

Norma.l acceleration, stea.dy turns at a.pproximtely eg,
258, end 3g - "

The short stbady-flight pa.rt of each meneuver a.lso ‘served as steady-
flight ma:beria.l. For-each run ths_following quentities were measured:

Indicated airspeed ° :

Normal acceleration at the center of gravity

Angle of flow near right horizomtal tail surface

Elevator position relative tc stabilizer chord line

Aerodynemic- load imposed on the va.rious parts of the
horizontal tail sm‘fa.ce

Mensuvering-flight tests.- The loads apvlied on the horizontel tail
surfaces were mpasured in the following mansuvers:
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Abrupt pull-ups from steady flight at equivalent eairspeeds varying
from 125 to 380 miles per hour, both with power off and with sufficient
power for .level flight. Rums made with power on at speeds in excess
of the level-flight speed were meds in a shallow glide with rated .

" power.

Abrupt pull-ups as preceding, but at varying rates of control
deflection. The rates of deflectlion were dstermined arbitrarily by

the pilot to be fast, medivm, or slow.

Abrupt pull-ups from steady flight in which verying emounts of
sideslip to the left and right were obtained prior to the execution
of the maneuver.

In most of the maneuvering-flight tests, the runs were made below
an altitude of 10,000 feet, but one series of stalled pull-ups was
made at 25,000 feet. The center of gravity of the airpleme, in the
maneuvering tests, was at either 29.7 or 30.6 percent mean aerodynamic
chord.

In addition to the items listed under steedy flight the following
quantities were msasured or evaluated: -

Pitching angular velocity

Maximum positive pitthing enguler acceleration

Meximm rate of elevator deflection

Angle of sideslip (when intentionel sideslips were made)
Elevator stick force

Normal acceleration near the tall surface

METHOD AND RESULTS

For the meneuvering-flight tests sufficient points were read on
the flight records so that a time variation of all the pertinent
quantities could be established. In each run of the steady-flight
tests all records were read at the same instant. In order to obtain
the tail loads, the point differential pressures were first read and
plotted and from these values the spanwise distribution and the total
tail load were dstermined by graphical integration methods.

Since the nmumber of independent variables which enter into the
tail-load problem cannot be completely comtrolled in a given test,
ccmplete isolation of the effect of eny one variable was unpracticeble.
The test results are therefore presented in several forms, such as
tables, graphs, and typlcal time histories of the varilous quantities
in order to give a better picture of the tail-load variation.
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The complete results of the steady-flight runs are given in table I.
The weights given allow for gas consumption; the horsepower was determined
from the pilot's notation of engine speed, menifold pressure, pressure
altitude, and free-air temperaturé, and by use of the performance charts
prepared by the Allison Division of the Gensral Motors Corporation. The
torque coefficient Q¢ was computed from the formmla given in the
"SYMBOLS." The value of the elevator angle 8, corresponds to that
required for trim under the conditions tested; down angles are taken
as positive. The angle of flow { 1s the angle between ths stabilizer
chord line and the eir streem at the location of the NACA angle-of-flow
recorder. The dynamic pressure q was used with the load factor ng, g.
to compute the ailrplane 1ift coefficient. The Integrated tail load
expressed in pounds with upward-acting loads taken as posltive is also
given in teble I. . ' '

Similarly, all the data obtained in the pull-ups are summarized in
table II which conteirns the measwrements for each run at the following
particuler time points: the time of steady flight prior.to the start of
the meneuver, the time of maximum incremental down' tall load, the time
of meximm normel center-of-gravity acceleration, and the time of
meximum incremental up tall load. The time valuss of table II are given
in the precedlng order irrespective of their actual sequence. A number
of headings in this table are simlilar to those in teble I; however, date
have been added including the values of the equivalent airspeed Ve,
the load factor at the teil =ny, the elevator stick force Fy, the
pltching angular velocity 6, and the initial sideslip angle PB. The
horizontal tall loads on both the right and left sides of the elevator
end stablilizer are given seperately. For analysis the meximm positive
pitching angular acceleration 6Opgy and the meximum rate of elevator
movemsnt Og .. are also given in teble II. These gquantities are the

maximum values measured neer the start of the mansuver and do not
necessarlly correspond to any of the time intervals given.

The values given in table II were compiled from time variations
such as ere shown in figures 3 to 1% for typical pull-up mensuvers.
Differences between the stalled and unstalled pull-up are shown
in figures 3 to 5. The effects of power on the measurements are
illustrated in figures 6 to 8. The effect of initial right and left
sldeslip on the measured tall loads for the power-on condition is shown
in figures 9 to 11 and similar results for the power-off condition are
shown in figures 12 to 1k.

Isometric viewes ¢ the differential pressure distribution over
the stabilizer and elevators are glven in figures 15 and 16 for the
mansuvers of the time virlations of figures 3 and 9. Typical spanwise
load distributions over the horizontal tail are shown in figures 17
and 18 for four selected pull-up maneuvers. The times were selected
arbitrarily to glve en ldea of the magnitude and distridbution of load as
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it varled during the pull-up mensuver. The change in load distribution
caused by the addition of power is showm In figure 17 and the effects
of right and left sideslip on the spanwlse load distribution are

shown in figure 18. )

ACCURACY
An estimate of the accuracy of the measurements made in this

investigation is glven as follows:

Dynamic;pressufe,pomd.spersquarefoot.......... S

Acceleration at center of gravity, € « « ¢ ¢ ¢ o o ¢ ¢« « « « . . ¥0.1
Pitching anguler acceleration, radian per second per second . . 0.2
Control position, degree . « « « v v « ¢ o s o o o s o o « o o « 0.3
Stick force, pounds . + « ¢ o o s o o o o o o s 6 0 o s o o o o Y
Tail angle of flow, dOETE88 . o« « « « « « o o o o o ¢ o o ¢ o « o I2
Tail load, pounds (The accuracy of the incremental tail-load
measurements during any gilven test was greater than
'.t5ol'b)-.-o.oo.-o-ooaoooo .-'-':50

Brake horsepower . « « ¢« + « ¢ &
Time, second . ¢« ¢ « « o s o o &«
Altitude, feet . . . « . . . . .
Pltching angular velocity, radlan per second
Yaw englo, dogroes . . ¢ ¢ o« o o ¢ ¢ ¢ o o o o
Center-of -gravity position, percent mean aerodynamic chord

.
8

ANALYSIS OF RESULTS

The results complled in tables I and IT were analyzed first by
considering the total asrodynamic tall loads imposed upon the airplene,
and then by conslidering the parts of this load Imposed upon the right
half and left helf of the horizontel tall during verious flight
conditions.

Totel tail load.- The total tail load which the airplane experienced
at any time was considered to be composed of three parts: a part I,
required to balance the pitching moments of the wing, fuselage, and
propellsr in a zero-lift dive, termed the "zero-lift tail load;" a
pert I, required to balance the pitching moments of the airplane
woight and normal inertia, termed the "normal-acceleration tail load;"
and & part L3 required to balance the airplane pitching angular
inertia, termsd the "pitching-angular-scceleration tail load.” The
total asrodynamic teil load in equation form is
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L, = cquc nc.g Wd-+ 'EY,_:; (1)
‘*V—’ L—v——’ ——
Lo L

The various parts of this equation are illustrated in figure 19
for e hypothetical pull-up. It is obvious from equation (1) that,
for a given airplane, Lj will depend upon Cp, g, and xg,
and therefore would be expected to be a function of the dynamic
pressure and Mach number. The load L, will be a function of the
loed factor, center-of-gravity position, end Mach number as it
affects d end xi. The load I3  will depend principally upon
the pitching angular acceleration & which, like the load factor n,
is a function of the menner in which the pilot manipulates the
elevator controls in a particular mansuver.

The determination of the mansuvering tail load requires a
knowledge of the verious factors of equation (1) which apply for the
given airplane. In the case of the subject airplane these factors
were not lmown. The flight test data given in taebles I and II,
however, furnished a means for evaluating soms of the factors and
permitted. the determination of the others. Once ths quantities were
evaluated they could then be extrapolated for values beyond the range
of the test conditions.

The aerodynamic-center location occurring in equation (1) was
found by differentiating that equation with respect to loed factoar n
with all other terms assumed constent. Thus,

x, = wa (2)

dl't/dnc.g.
But, by definition,

Xy =d+1 (3)

-

where 1 1s the distance from the center of gravity of the airplens
to the aerodynamic center of the tail. By use of the steady-level-
flight and steady-turning-flight data of tebles I and II, as shown in
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figure 20, & value for :—E-t = 390 pounds per g was found which when

substituted into equations (2) and (3) gave an aerodynamic-center
location at 17.5 percent mean serodynamic chord.

The determination of the pitching-moment coefficlent for the
airplans less tail Cp was found by differentiating equation (1)
with respect to dynamic pressure gq, with all other terms assumed.
constant. Thus,

()

_ 4
=g

&

Veluss for % were determined from the steady-level-flight

date shown in figure 20 and were found to be -5.2 end -k.72 pounds per
pound per square foot for the power-on and powsr-off conditlons
respectively. The substitution of these valuss into egquation (ﬁ)

gave a value of Cp of -0.0552 for the power-on and -0.0501 for the

power-off condition.

By use of the values of Cp, d, and =x¢ 1t is possible to
determine the tall load which would 'ne required to balance the alrplane
in any steady flight condition (that is, for = 0) even beyond the
conditions tested. ZFigure 21 contalins curves of I, for the test

alrplane against the equivalent airspeed for sea level and for
30,000 feet. The valus of Cp wused in the determination of I4 in

this figure has been corrected for Mach number effects according to
-0.0552(oxr -0.0501)

R

effect of M on C; was found to be small.

even though In the range of the tests the

Extrapolation of the £Iight date has also been done in the case
of Lp, the normal-acceleration tail loed. Here the evaluation of L,

for various center-of-gravity positions has been mads for the limit-
Joad-factor rangs of the alrplanse. The results are shown In figure 22
for an assumed gros$ weight of 8000 pounds. The value of Lo for other
gross weights would be in direct proportion to those shown. The effect
of Mech number on the location of the aerodynamlic center of the

alrplane less tall was not found in these tests and therefore no
correction for this effect has been applied In figure 22.
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Combining the results glven in figures 21 and 22 gives the total
tall load which wlll exist on the airplens during any condition of
steady flight. The loads for both a forward and a rearwerd center-
of -gravity location for sea-level altitude ere shown in figwre 23.

In eddition to the steady-flight loads found in the foregoing
analysis and shown in figure 23, an importent load component remains
which must be evaluated in order to provide for all the flight conditions.
This load, the pltching-angular-acceleration tail loed I, of
equation (1), is primarily a function of the amount and rate of motion
of the control surface. Since the amount and rate of motion are in turn
dependent upon airspeed and certain intangible items which depend upon
pllot response, the date were analyzed in a general way to determine
the principal effects of these quantities. The results shown in figure 24
correlate the inltial control motion with a pitching-angular-ascceleration
tail-load factor demoted by L3/q. The values shown were obteined from
the meximum down-tail load increment given in table II at the start of
each aebrupt pull-up. In addition, the same values of I,3 haeve been
plotted in figure 25 against the meximm positive pitching engular
acceleration 8. The value of & <for each run was obtained by differ-
entiating the pliching-angular-velocity record..I The relationship of

of these data wlth the theoretical expression x._%.i 1s also shown in
figure 25. Here the valws of Iy was taken as 8800 slug-feet2 vhich
was obtalned from swinging tests.

In order to indicate how well the values and the method apply,
& comparison of computed and measured total tail loads using velues
for Cp, x¢, d, end Iy measured in these tests has been made for

two complete meneuvers. These comparisons, which are shown in figure 26
for £light 16a, run 3 and flight 22c , Yun 2, are for a moderate-speed
abrupt pull-up with a large value of up-tail-load increment and a pull-up
in which sideslip was present. The velues of g, n, ani 6 measured
during the mansuvers were used in computing values of I3, Ip, and I..3

Tell-load dissymmeiry.- A determination of the effects of slipstream
rotation and sideslip on the dissymmstry of taill loed was made from an
analysis of the steady and sideslipping runs of table II. The differences
in loed on the right and left horizontal tail have been plotted against
the angle of sideslip in figure 27 for various values of the torque
coefficient. The values shown represent a range of wing 1ift conditions
verying from & value of Cj of 0.15 to 0.24. Since 1little scatter was

noted within this range of Cy, an average value equal to 0.20 has been

assumod. In order fo isolate further the effects of power condition and of
sideslip, the tail-load-dissymmetry coefficilent Can A has been plotted
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against-engine brake horsepower in figure 28 for ell the steady-flight
runs of table I. The engle of sideslip for these runs was not known
exactly, but it was assumed that the angles were in all cases less
than +2°0, which would correspond to approximately X100 pounds of
dissymstry or a value of- CANt of £0.02 at a speed of 200 miles per
hour.

DISCUSSION

Tables I and II contain all the deta which are essential for a
coordinated analysis with data from other investigations. The
representative material presented in the time-history and snalysis
figures,however, is more sultable for discussing the effects of various
factors on the horizontal-tail load. .

Menouver timp historieg.— Although the time histories shown in

figures 3 to 1k are only a few of the many obtained during the course of
the investigation, these few illustrate the time sequence of the more
important quantities measured, as well as permit a direct comparison

of the results from various types of maneuvers. A comparison of the
results shown in figures 3 and 5(a) with those given in figures 4

and 5(b) indicates the tail loads are not of necessity greatest for the
high-speed renges of the airpleme. This fact was Indicated in the
analysis shown in figure 23. The pitching-engular-ecceleration tail load
which occurs neasr the beginning of the lower—speed pull-up of figure 5(a)
was equal to the initial tail load for the higher—speed pull-up of figure 5(b).
The elesvator loads follow closely, in time, the motlions described by the
control surface (figs. 3 to 5). The stabilizer loads, on the other hand,
follow a loeding cycle more nearly like that indicated by the tail

NACA angle—of-flow recorder, with exclusion of the time Just after the
maneuver is started. At the start of the maneuver the displaced control
surface results in a down load on the elevator, which induces a slight
initial down load on the stabilizer. The pitching of the airplans resulting
from this down load causes an increase in angle of attack of the taill
which in turn reduces the initial downward load caused by the elevator.
Beyond this point the tall angle of flow and the stabilizer loads are
approximetely In phase.

The two' tall-load time histories of the pull-ups of figures 6 and 7
shown in figure 8 were made from approximately the same initial airspeed
and to approximately the seme load factor. The maln difference between
these runs was in the rate of control deflection and consequently in the
resultant pitching angular accelerations. As would be expected, from
considerations of the control deflection end pitching enguler acceleratlon,
the tail load I3 for the rum of figure T is greater than that of figure 6.
This difference 1s shown clearly by the down—load values and the peak
up-load values of figure 8.
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The effects of power on the dissymmetry of loed mey also be
obtained from figure 8; in figure 8(a) power was applied whereas in
figure 8(b) the engine was throttled. The load dissymmetry, about
250 pounds, experienced while in the power—on pull-up was carried
almost entirely on the stabilizer. The difference in load between
the two sldes of the tall surface remains almost constant throughout
the maneuver. Although in this case the angle of sideslip was not

measured, the changes in thls angle during the mansuver were thought
to be small,

The time histories of figures 9 to 11 for the two pull—ups, where
the angle of sideslip varied from 4° left in figure 9 to 5° right
in figure 10, indicate that the dissymmetry in steady flight (fig. 11)
for these two runs is approximately 575 pounds or about 60 pounds per
degree of sideslip. Thls value is also indicated in Pfigure 27.

The results given in figures 12 to 14 show approximately the same
increment in dissymmetry as wes shown in the power—on sideslipping
pull-ups of figures 9 to 11. In both sets of figures the tail
surface to windward has a positive increment of load; that is, in
slipping to the left the left tall surface carries a smaller down
load than the right taill surface.

The lines shown in the middle of figures 11 and 1k indicate the
tall loeds for straight (without sideslip) flight. If these values are
compared with those existing at the time of steady sideslip prior to the
start of the maneuver, slipping to the right or left is found to cause
an increase in down tall load. This increase 1s evidence of a change
in pitching-moment coefficient of the airplane. The rotating propeller
produces an increment in pitching moment when the airplane sideslips.
This pltching-moment increment, however, is reversed for opposite
sldeslip angles. Since the flight tests on this airplane indicate no
load—-increment reversal with reversal of sideslip, the test airplane is
assumed to exhiblt a slight change in pitching moment with sideslip
greater than the normal change due to the propeller.

In addition to the preceding specific points noted in figures 3
to 1k the following general information is obtained from all pull-ups
of thj.s Investigation:

The alrspeed remains substantially constant until the time of
maximum normal acceleration. A slight decrease in speed is noted,
however, before the time of maximum up tail load. This result is in
accordance with the assumption usually made in theoretical studies.

The maximm pitching—e.ngular-:e.ccelara.tion tail load occurs at

approximately the time of maximm pitching angular escceleration
and slightly before the time of maximum elevator deflection. This
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load ects principally on the elevator whereas the normal-acceleration
tail load which occurs at the time of maximum acceleration acts on the
stabilizer. Returning the elevator to the trim position before the
maximum load factor was reached tended to exmggerate the localization
of loads on the elevator and stabilizer.

The pitching-angular-ecceleration tail load which occurs at the
gstart of each pull-up is slightly overbalanced by an increment of 1lift
produced on the wings as a result of the pitching of the airplane.

The airplane thus experilences no net negative—ecceleration increment
at the start of each pull-—up.

Load distribution.— The chordwise and spenwlse dlstributions of
load shown in figures 15 to 18 indicate local irregulerities which may
be attributed to deformation of the surfaces and to irregular flow
conditions which occur in the region of the tail.

The reduction in the peak differential pressures over ths inboard
ribs shown in figures 15 end 16 occurs as a result of the fuselage
boundary layer and local interferences which exist at this inboard
station. At the time Just prior to the meneuver, the differential
pressure distribution is seen from figures 15 and 16 to be an angle—
of-attack type distribution for the entire tail surface. As soon as
the elevator is deflected (parts (b) and (c) of figs. 15 and 16),
however, the distribution changes to one which has & maximm pressure
differential near the elevator hings with most of ths load incremsnt
concentrated on the elevator. In the maximm-up—-teil—load condition
the distribution finally changes back to an angle-of-ettack-type
distribution where most of the load is concentrated on the stabilizer
(figs. 15(e) and i5(e)). Although neither of the cases shown in
figures 15 and 16 contains a complete reversal of the elevator, it can
be easily deduced that for such a condition lerge stabilizer loeds
and large elevator loads would occur simultansously in the same
direction. This condition would, if performed at the proper speed
and load factor, specify a critical loading for the fuselage and tall
surface.

The curves of figure 17 show clearly, despite a certain amount of
irregularity, the effect of slipstream rotation in producing a difference
in load between the two sides of the horizontal tail surface. Although
not so clear here as from the time-history figures, the dissymmetry
can be seen to remain almost constant throughout the pull—up maneuver.
The same type of dissymmetry is shown in figure 18 but in this case
the cause of the dissymmetry can be attributed to the sldeslipping
condition. The tail surface to windward in the sideslip has an
up—load incremsmt with respect to the downwind tall swrface. The
dissymmetry is found to be concentrated mainly on the stabilizer whereas
only a slight load difference is supported by the elevators (figs. 5, 8,
11, snd 1k),
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Taill-load parameters.— The quantities Cp, X, 4, end Iy

required for calculating the tail loads by the method of eguation (1) are
representative of the pitching moment of the airplane less tail. The
greatest net change in this pitching moment will be assoclated with

the design tall loads for the airplane. Generally the quantities Cms
Xy, 4, and Iy either can be found from wind—tummel tests or can be
estimated with a falr degree of accuracy by use of existing engineering
procedures. The pitching-moment coefficients were not measured in the

wind—tunnel tests of reference 1 but tests of a -]-:-"E-scale model were

availaeble which contalned such measurements. These tests of the model
gave a value of the pitching-moment coefficient for the airplene less
tail and propeller of -0.038. The flight tests gave a value of —0.0501
for the power-off condition. The differences noted are attributed to
the presence of the propeller and slight differences between the model
and the airplane.

The location of the serodynemic center, found by use of figure 20
to be &t 17.5 percent mean asrodynamic chord, is in agreement with that
determined for other fighter—type airplanes, Numsrous model tests have
shown that the fuselage and the propeller both tend to shift the
serodynamic center forward of the quarter chord point of the meen
aerodynamic chord; the amount of shift varies with the particular
configuration. Because of the small Mach number range covered by
these tests, no shift of the aserodynamic center with increass in Mach
number was noted. Shifts of serodynamic center with Mach number,
however, would be an important factor to consider in the tall-load—
deslign problem.

The conditlons for which critical loads will be placed upon
the airplans tall must be known in order to design the horizontal tail
surface. The use of plots such as figures 21 and 22 to obtain the stesdy— °
flight tail loads shown in flgure 23 requires a knowledge of the param-
eters Cp, d, and x¢. If these parameters are known for amy airplane,
the selection of the conditions for critical steady-flight tail loads mey
easlily be made. The largest up tail load will occur with the center of
gravity reerward, a large value of alrplane load factor, moderate airspeed,
end low eltitude with power off (fig. 23). The largest down tail loed,
however, will occur in high-speed power—on flight at high altitude, with a
large negative loed factor and wlth rearward center—of—gravity location.
The results of the tests substantiate these assumptions.

If the tall loads can be measured in flight, the effective moment of
inertia in pitch Iy can be found (see fig. 25). Alternatively, if the
moment of inertia is known, the angular-acceleration tail load can be
determined provided the angular acceleration can be assigned It appears
from the abrupt pull-ups of present tests that for this airplans an
angular acceleration of 3 radians per second per second would seldom be

e e —— ——— m—— cm——
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exceeded. As a conservative estimate a maximm valus of 5 radians

per second per second would seem to suffice for conventlonal alrplanes in
the Pighter category. An examinstion of the results given in teble II
indicates that there i1s a distinct trend for the maximum angular-acceleration
values to decrease as the speed increases. Although in figure 24 the angular-
acceleration tall load would appear to increase directly with q, the
high—speed pull-ap points are assoclated with the smaller valuss of elevator
angle and In3/q. For example, a pitching angular acceleration of 4.0 radians
per second per second would be assoclated with a speed of 250 miles per

hour; whereas at 100 miles per hour, the value of pitching anguler
acceleration would be reduced to approximately 0.5 radian per second per
second, This decrease is In line with the order of decrease shown for the
test ailrplane, The velus of I.3 associated with the pull-up for 250 miles

Egg hour would be approximately 2175 pounds; whereas for the pull-up for
miles per hour, the value would be only about 270 pounds.

For the alrplene of figure 23 1f the pilot were making a 6g pull-up
at 225 miles per hour and were to push forward on the stick in checking
the meneuver a sufficlent amount to obtain a negative pitching acceleration
of 2.8 redians per second per second, en up tail load of 3920 pounds
would be obtained which would exceed the steady—flight talil-load value for
an 8g mensuver at a speed of 250 mliles per hour. The agreement between
the measured and computed valuss of tail load shown in figure 26 is
considered good since the differences noted between the cwrves could
almost entirely be associated with error of obtaining the pitching angular
acceleration by graphical differentiation.

The results shown in figure 27 indicate that the dissymmetry in taill
load varies linearly with angle of sideslip. The amount of dissymmetry
also appears to increase with torgue coefficient in the directlion which
would be expected from a consideration of the direction of propeller
rotation, The wind-tummel results of reference 1 indicated that the
dissymmetry for a value of C1, of 0.2 increased at a rate of about
50 pounds per degree of sideslip and that at zero sideslip the initial
dissymetry would be 150 pounds; wherees a rate of increase of 60 pounds
and an initial dissymmetry of 100 pounds are Indicated for flight 1n

Tigure 27.

The scatter of the data in figure 28 for the low-horsepower conditions
may be attridbuted to the inadvertent sideslip angles which were introduced
by £flight at high 1ift coefficients. The dissymmetry coefficient values
at the higher horsepowers were made at low 1ift coefficlents which would
be associated with high—speed flight where angles of sideslip would not
vary a great deal. The curves shown in figure 28 represent an estimate
of ths variation of dlssymmetry with power in steady flight for average
conditions covering lift—coefficient values of O to 0.6 and 0.6 to 1.2,
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CONCLUDING REMARKS

The systematlic measurement of the loads imposed upon the horizontal
tall surface of a fighter-type alrplane Iin mansuvering flight has provided
information concerning the varlation of load with changes in the important
taill—-load paremeters. The tests verify that the changes 1n load produced
by changes in these parameters are those which would normally be expected ’
from engineering considerations and that an accurate knowledge of the
asrodynamic—center locatlion end of the values of the ailrplane-less-tail
pitching-moment coefficient, airspeed, load factor, pitching moment of inertie,
and pitching angular acceleration will permit the determination of the
horizontal-teil load.

The spanwise distribution of load over the horizontal tall surface )
is known to be affected by influences which change the distribution of angle
of attack across the span. Factors which influence the spanwise angle—of-—
attack distribution are the power condition or slipstream rotation, the
position of the horizontal tail within the slipstream, and the angle of
sldeslip. The tests indicated that in a sideslip the upwind taill surface
carried an up~load increment reletive to the downwind surface, and since the
load dissymmetry is basicelly one of angle—of-etteck change across the span,
most of the dlssymmetry appears upon the stabilizer with very little
carrying back to the elevators.

In order to desiygn the horizontal tall surface a knowledge of the.
conditions under which critical loads are applied to the tall surface must
be kmown. Since it must balance other forces applied to the airplame,
the tall load will be largest in those conditions of flight for which the
net changes in pitching moment are greatest. Such a condition will exist
for the up-loed case when the sirplene is operating with a rearward center—
of—gravity position, st minimum speed for maximum load factor, and with
power off at sea—level. The critical down-load condition will occur in
another flight region where the speed 18 a maximum with high negative load
factors, power on at high altitude. The results of the tests substantiate
these assumptions,

Langley Memo.rial Aeronautlcal Laboratory
National Advisory Commlittee for Aeronautics

Langley Field, Va., July 9, 1947
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Figure 1.- Three-view drawing and details of the airplane used in tail-loads investigation.
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Figure 2.~ Orifice locations on horizontal tail of test airplane.
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Figure 17.- Spanwise normal-force distributions over the horizontal tail.
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Figure 18,- Spanwise normal-force distributions over the horizontal tail.
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Figure 28.- Variation of tail-load-dissymmetry coefficient with engine horsepower for
the test airplane.
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